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Abstract   
Aims  In functional-structural plant modeling, trees are composed of elements at the organ level and combined 
physiological processes and morphological structures. When it is applied to adult trees, we must deal with com-
plexity of topology and consider ring growth. Our objective was to apply the functional structural model 
GreenLab to adult Pinus tabulaeformis trees and parameterize and validate the model. 
Methods  Destructive sampling was done to collect detailed data including structure and biomass measurements 
from one 18-year and one 41-year P. tabulaeformis. To extend its application in adult tree growth analysis, we 
used substructure model to simplify tree topology and introduce ring biomass allocation parameter Ȝ to mix 
Pressler model and common pool model to analyze tree ring growth in different ages and different environments. 
Direct parameters were attained from the measurement data, and hidden parameters of the model were calibrated 
using the generalized least squares method. The model was validated by comparing simulation data with observed 
data and comparing simulation data to data calculated by empirical model. 
Important findings  Simulations of P. tabulaeformis growth based on the fitted parameters were reasonable. The 
coefficients of determination of linear regression equations between observations and predictions ranged from 
0.84 to 0.98. The coefficient of determination of linear regression equations between GreenLab simulation data 
and empirical simulation data was 0.95. The results showed that the GreenLab model can be a new tool to simu-
late tree biomass at different growth cycles.  
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Sievänen et al., 2000)┛GreenLab︸繁覇玄屋89抄┴
麌Ο鶫梵¹35棗ホ(Guo et al., 2006), 韋O艮棗ホ暒
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健┺, 糦ホ蒸珊35鑷®, 奧эメ健┺会尞ū蝠┛ 
小彩く゚漆┴喃澷氎┴醫せ嗇I圀35聴┹, ¿┛
ы桿ナ庪35屢┚扑声鐘3Μ殿囮35森鰀83覇50%  
55%φ掮, 弥𪘚蜥楆縻Y攴±4% (唳隸斲, 1992)┛麝
せヽ岸僲¿┛圴掮声鐘35森鰀83韋Y蒸レ琿圀35, 
沼50%, ャ錮ナ89𥿔賠δ侉迮𥿔┛ 
2  ⷨおᮍ⊩ 
2.1  GreenLab῵ൟⱘ෎ᴀॳ⧚ 
GreenLab︸繁韋ラΟ®掌鑷浄屋せヽ黝┡件
蒸せヽ晶尹35┚府эヘO郊｛89喃s凊屋梗岸僲梏













































δT 1, ы健┺δT 2, メ健┺δT 3, 十メ健┺35桿





















೒1  府эI𥿔鈑藥35啀聴┡┡櫻学校法人碆虹┛St(p), ナコ桿汏
δp┚圈氄桿汏δt35啀聴┡(p = 1, 2, 3, 4; t = 1, 2, 3, 4)┛ 
Fig. 1  Construction of substructure based on measurement 
data. St(p) is the substructure whose physiological age is p and 











(Guo et al., 2007)┛傑寉紅𥐮︸歡Ο, 覇薰Μナ圾滷
w, 紅𥐮穀薰Μ圴掮35桿旔Ο35ナ89𥿔韋ラ券ナコ
桿汏k声券圾楾l (k,i)袴圀35:  
 
歡Ο, PAm韋ナコ桿汏35鵝弥還, l (k,i)韋Ni (k,i)Μナ
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歡Ο, Na (k,i,p)韋ナコ桿汏δk35ゔpΜ押鵈35圴掮
覇ナ圾趨鸚i隸35鐘啀Μ鈑, p韋鞄麌聴┡35押鵈小








榺Ζ△︸歡35遂浄淅箭, 頓姿殃激Ȝ (0 i Ȝ i 1)
妍榺ΖΜ︸繁衆浄, 洽Ȝ = 1隸, 鞄麌35桿旔紅𥐮︸
歡δPressler︸歡, ナ89𥿔傑璡埴押э懐┺印ャ35璡
押衛杝; 洽Ȝ = 0隸, δ傑寉紅𥐮︸歡, ナ89𥿔覇鞄
麌傑寉Ο紅𥐮; 洽0 < Ȝ < 1隸, 岏霽券消Ζ△︸歡
35傅浄鄂棗淅箭, 洛歡(6)罕学校法人, 券Ο, qrg (k, i, p)韋
ナコ桿汏δk35ゔpΜ押鵈35圴掮覇ナ圾趨鸚δi隸詔
印澋滕35桿旔ナ89𥿔┛ヘ倻đδ, 洽w蓬頓t┚鞄△┚
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δ0.70 0.91 (p < 0.000 1), 18
桿ナ35R
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㸼1  ¿┛縟桿鞄35U蜥小鈑 
Table 1  Directly measured parameters for adults of Pinus tabulaeformis 
屮狢 Trait 





PA1 PA2 PA3 PA4 PA1 PA2 PA3 PA4 
Pe 圴掮+沛 Internode sink 0.10 0.11 0.03 0.01 0.10 0.05 0.02 0.003
Pa 𩸕鐘+沛 Needle sink 1.00 0.37 0.16 0.23 1.00 0.44 0.35 0.01 
be 圴掮35訒貨O鈑 
Scale coefficient of internodes 
 26.51 29.19 33.99  26.30 33.33 32.81 
ȕ 圴掮35濤せO鈑 
Form coefficient of internodes 
 0.04  0.20  0.36   0.02 0.20 0.36 
SLW 訒鐘紞 Specific leaf weight 0.08 g·cm
 2 
PAi, ゔiΜナコ桿汏(i = 1, 2, 3, 4)┛ 
PAi, physiological age i (i = 1, 2, 3, 4). 
 




೒2  圴掮ナ89𥿔声𩸕鐘ナ89𥿔35訒貨倦O虹┛A, 18桿ナ┛B, 41桿ナ┛PAi, ゔiΜナコ桿汏(i = 1, 2, 3, 4)┛ 
Fig. 2  Biomass ratio between internodes and needle. A, 18-year-old. B, 41-year-old. PAi, physiological age i (i = 1, 2, 3, 4). 
 
 
೒3  ¿┛縟桿鞄圴掮欸氊ナ圾︸繁┛A, 18桿ナ┛B, 41桿ナ┛
PAi, ゔiΜナコ桿汏(i = 1, 2, 3, 4)┛ 
Fig. 3  Internode allometric relationship of adults of Pinus 
tabulaeformis. A, 18-year-old. B, 41-year-old. PAi, physiologi-
























3.4  Ϣ㒣偠῵ൟⱘᇍ↨ 
豪ホ41桿ナ声18桿ナ鞄麌35桷賠小鈑︸艾澋
滕1桿ナ 41桿ナ35ナ89𥿔鈑藥, ユ誕MV︸繁35艾浄 
   




㸼2  ¿┛縟桿鞄35痄森小鈑 
Table 2  Hidden parameters of adults of Pinus tabulaeformis 




小鈑還 Value 渉欸O鈑 CV (%) 小鈑還 Value 渉欸O鈑 CV (%) 
r 鰀察櫈腋  
Water resistance 
2.97 0.46 3.40 2.07 
P1 桿旔紅𥐮鏥83 
Slope for ring compartment 
2.60 2.60 5.40 0.51 
Ȝ 桿旔ナ89𥿔紅𥐮小鈑 
Ring biomass allocation parameter 
0.73 0.20 0.40 0.35 
Sp ｛諺脣淅螞⌇  
Plant projection area 
2.85 m2 0.49 78.00 m2 1.00 
 
 
㸼3  ¿┛縟桿鞄︸繁宓攴慧橫小鈑還 
Table 3  Parameters of model calibration for adults of Pinus tabulaeformis  
桿汏 Age  賠鑷屢宓攴 Root 
mean square error
桷賠Y奧宓攴班奧還  
Average absolute relative error 
r 
鞄档圴掮ナ89𥿔 Stem internode biomass  28.90 0.44 0.90 
鞄'03 Tree height  16.70 0.28 0.96 
鞄档圴掮U渟 Stem internode diameter  0.89 0.24 0.95 
ヘ健┺圴掮ナ89𥿔 Internode biomass of 1st level branch 1.20 0.68 0.70 
ы健┺圴掮ナ89𥿔 Internode biomass of 2nd level branch 2.00 0.80 0.75 
18桿ナ  
18-year-old 
メ健┺圴掮ナ89𥿔 Internode biomass of 3rd level branch  1.30 1.10 0.56 
鞄档圴掮ナ89𥿔 Stem internode biomass 50.50 0.45 0.84 
鞄'03 Tree height 28.21 0.22 0.99 
鞄档圴掮U渟 Stem internode diameter  1.35 0.16 0.98 
ヘ健┺圴掮ナ89𥿔 Internode biomass of 1st level branch 54.41 0.57 0.68 
ы健┺圴掮ナ89𥿔 Internode biomass of 2nd level branch  1.52 0.76 0.79 
41桿ナ  
41-year-old 





Fig. 4  Comparison of simulation and observed data for total 








Wtotal = 22747246.2342/(1 + exp(8.5571    
















೒5  ¿┛鞄档濤燠ユナ89𥿔︸艾鈑藥ユ圈氄鈑藥35奧訒┛  
Fig. 5  Comparison of simulation and observed data for stem 
structure and stem biomass of Pinus tabulaeformis. 
 
 
4  ⊍ᵒৃ㾚࣪῵ᢳ 
屢藥čゝ澋滕35U蜥小鈑声痄森小鈑 , 覇
Digiplante㫖烏(Cournede et al., 2006)Ο妍18桿ナ声
41桿ナ¿┛濤燠35メ翼詔⁂湿皿燠蠑橎梗│(虹7)┛ 







೒6  誕MV︸繁ユGreenLab艾浄獪ナ89𥿔35奧訒┛ 
Fig. 6  Comparison between empirical model and GreenLab 




೒7  18桿ナ(攀)声41桿ナ(醤)¿┛35メ翼詔⁂湿︸艾┛ 
Fig. 7  3D simulation for 18-year-old (left) and 41-year-old 
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